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SUMMARY Thirty-two thousand patients are presently maintained in chronic dialysis programs. Cardiovascular complications have been shown to be responsible for 50 to 65% of the deaths in such patients. Despite this and the increasingly frequent use of coronary bypass surgery in the general population, only two patients have previously been reported to have successfully undergone coronary bypass surgery while maintained on chronic hemodialysis. This paper THIRTY-TWO THOUSAND PATIENTS are presently maintained in chronic dialysis programs and an estimated 10-15,000 will be added each year.' Fifty to sixty-five percent of the deaths occurring in such patients are due to cardiovascular complications.' 4 Pericarditis has long been recognized as a complication of uremia and the appropriate treatment of uremic pericardial tamponade has been controversial.'-7 Bacterial endocarditis has also been noted to be a severe complication of repeated hemodialysis and 12 such patients have been treated by valve replacement.8 '4 Despite the known incidence of coronary disease in dialysis patients and the popularity of coronary bypass procedures, there are only two reports in the literature of coronary artery bypass surgery performed successfully in patients on chronic hemodialysis."r' 16 Whether such surgery should be offered to these patients is becoming an increasing problem. We herein report our The patient had an uneventful postoperative course. He was extubated on the first postoperative day and hemodialysis was begun on the third postoperative day. He had no difficulty with his arterio-venous fistula and was discharged subsequently on the eleventh postoperative day. He has continued to do well at home on no medications, has had no further chest pain, and has subsequently undertaken home hemodialysis training and is dialyzing himself. Case 2 S.J. is a 50-year-old white male with chronic renal failure secondary to chronic glomerulonephritis who had been on home hemodialysis for six years. He had a seven year history of typical angina pectoris which was stable and well controlled by nitroglycerin. Three weeks prior to admission, he had a marked increase in his symptoms. He noted particularly that his symptoms increased on the evening just prior CORONARY BYPASS AND DIALYSIS/Crawford et al. the circumflex, and to the posterior descending branch of the right coronary artery. Anesthesia was induced and maintained with halothane, nitrous oxide, and oxygen and cardiopulmonary bypass was carried out using a disposable bubble oxygenator (Harvey) primed with 2000 cc of blood and 1000 cc of electrolyte solution. Total bypass time was 180 min. The patient was removed from cardiopulmonary bypass without any difficulty.
In the initial postoperative course he was hypertensive but this was controlled with an infusion of sodium nitroprusside. No bleeding difficulties were encountered and the patient required only 250 cc of packed cells postoperatively. The initial postoperative hematocrit reading was 38% and potassium was 4.2 mEq/L. He was extubated three hours postoperatively and chest tubes were removed approximately 12 hours later. On the second postoperative day, he received Kayexalate prophylactically and was dialyzed for the first time on the third postoperative day. The remainder of his postoperative course was complicated only by thrombosis of his Scribner shunt at the time of the initial postoperative dialysis and this ultimately required revision. He had no further difficulties and was discharged on the tenth postoperative day. He has continued to do well at home on no medications and has had no further chest pain. Sakurai in October 1973 performed successfully a twovessel aortocoronary bypass graft in a 52-year-old man with chronic renal failure and accelerated angina.'5 Several months later, Lansing followed with a two vessel coronary bypass in another 52-year-old man with accelerated angina. 18 Sakurai stated that "this operation should be reserved only for those patients with intractable angina pectoris with good ventricular function who have been rehabilitated by dialysis and whose life style justifies the risk of operation."'5 Lansing stated, "if the patient has a reasonable life expectancy with dialysis, but if survival or enjoyment of life is threatened by a correctable surgical condition, we believe that operation should always be seriously considered.""8
Discussion
Clearly, patient selection is crucial. Although we believe it has now been adequately demonstrated that cardiopulmonary bypass can be performed safely in this group, coronary artery revascularization should probably still be limited to those patients who are well compensated on dialysis, who are severely limited by angina pectoris which is refractory to medical management, or whose anatomy as defined by coronary arteriograms places them in a "high risk" group. For example, our second patient had severe left main coronary artery stenosis and a right coronary lesion, and similar patients without renal failure have been demonstrated to have increased longevity following successful revascularization.'7' '8 Unfortunately, coronary bypass surgery will have no effect on the factors which cause the increased incidence of coronary artery disease in this group and long term follow-up may well demonstrate a decreased graft patency in them as compared to other groups.
It is generally agreed that these patients should be vigorously dialyzed prior to surgery to obtain optimal fluid and electrolyte balance. One should be alerted to rapid shifts in intravascular volume which occur during dialysis and which can result in severe hyper-or hypotension. Either may be fatal in a patient with a critical coronary stenosis.
While some prefer to initiate postoperative dialysis with the peritoneal approach in order to avoid anticoagulation (table 1) , [8] [9] [10] 16 others believe that hemodialysis can be carried out in the postoperative period without difficulty.""-13'" By carefully monitoring postoperative fluid administration, restricting potassium administration, and using prophylactic kayexalate, we were able to wait until the third postoperative day to resume hemodialysis. This delay in no way compromised these patients and dialysis could have been carried out earlier or postponed further as the situation dictated. Although we routinely use hemodilution, we chose to modify our technique in these two patients. In patients with coronary disease, we attempt to maintain relatively high flow rates and perfusion pressures during cardiopulmonary bypass in order to maintain distal coronary perfusion. 22 In order to do this during long perfusions, it has frequently been necessary to add considerable additional volume to the circuit. At the end of the procedure, the hematocrit is relatively low, but this is usually easily corrected by diuresis and administration of the packed cells remaining in the pump. Since these uremic patients come to the operating room anemic and since diuresis is impossible, we felt the patient might remain more stable during bypass if less hemodilution were employed. This proved to be the case with very little additional volume required during bypass. At the end of the procedure, the hematocrits were 38% and 36%. Postoperative bleeding was not a problem in either patient and a minimal amount of blood was required postoperatively. It would appear that either hemodilution or our technique, which is essentially a whole blood prime, can be safely employed. If more blood is used in the prime, then it should be as fresh as possible in order to keep potassium levels as low as possible and to minimize hemolysis during bypass. We have also routinely employed autologous transfusion, but did not in either of these patients because of their relative instability during induction of anesthesia.
With the increasing numbers of people maintained on dialysis and with their known increased incidence of coronary disease, the problem of coronary revascularization in them will arise more frequently. While bypass surgery should remain relatively restricted at present, it is likely that as others demonstrate its safety, it will be more frequently performed. 686 CIRCULATION
